. This mismatch has yet to be fully resolved.
Questions remain about which areas of the Antarctic Ice Sheet became unstable and produced these icebergdischarge events. Did major icedrainage sectors retreat simulta neously, perhaps in response to external triggering such as an initial sealevel rise from the north or southward migration of relatively warm Circumpolar Deep Water, as modelled by the authors? Or did different sectors retreat independently, as individual thresholds for instability were crossed in each sector? Prin cipal sources of icebergs were probably the nearby Antarctic Peninsula and Weddell Sea embayment, where ice streams drain about a quarter of Antarctic ice by area. Icebergs are also likely to have travelled from other ice out lets around East Antarctica. The provenance of the IBRD, and the icebergs that carried it, can be found by matching the geochemical finger print (such as characteristic argon isotope ages) of individual mineral grains in the IBRD to the corresponding geochemical fingerprint of the different source areas 8 -a topic for future study.
The episodic iceberg discharges described by Weber and colleagues shed light on the question of how the Antarctic ice sheets melt. Will there be similar iceberg releases in the future? Ice streams in the Amundsen Sea sec tor of the West Antarctic Ice Sheet are already in the early stages of retreat 9, 10 . During the last interglacial period, about 125,000 years ago, sea levels reached 6-9 m higher than today 11, 12 , much of this attributable to an Antarctic melt water source, at global temperatures only 1-2 °C warmer than those of today. The planet is on course for a temperature rise exceeding this value, so we can expect similar icesheet instability and retreat to that described by Weber et Fig. 1 ) falls to the seabed and is steadily buried in marine sediments to form a record of iceberg activity.
Some icebergs are more debrisrich than others: large tabular icebergs calved from floating ice shelves have already lost much of their debrisrich bases to melting, whereas icebergs that calve close to the line between grounded and floating ice tend to retain their debris, and are probably more common during icesheet retreat than during times of icesheet stability. Nevertheless, the main interpretive link is sound -more IBRD is a sign of more icebergs and greater ice loss from the Antarctic Ice Sheet. The two IBRD records reported by Weber and colleagues are similar, even though the sedimentcore sites are separated by 2° of latitude and are subject to different local oceanographic conditions. This simi larity increases confidence that the IBRD records represent an iceberg signal.
Until now, the timing of ice retreat has been constrained by radiocarbon dating of marine sediments and by dating of land surfaces that were uncovered as the ice sheets thinned 5, 6 . Here, the eight episodes of iceberg discharge were dated by matching the record of wind blown dust in the same sediment cores to wind blown dust in an alreadydated Antarctic ice core. This approach results in a continuously dated record, which provides a significant advance in knowledge of when the Antarctic Ice Sheet retreated over the time since the LGM. Weber et al. find that the first of the Antarctic ice discharges took place 20,000-19,000 years ago and was followed by a series of larger epi sodes between 17,000 to 9,000 years ago.
The largest iceberg release lasted from 14,800 to 14,400 years ago and overlapped, within dating uncertainty, with a period of sea level rise known as meltwater pulse 1A (MWP 1A), which occurred 14,650 to 14,310 years ago 7 . During this period, sea levels rose by about 14-18 m at the astonishing rate of 4 m or more per century. Weber and colleagues' icebergdischarge data clearly show a contri bution to MWP1A from Antarctica, but how much meltwater does this represent? Recent work 4 puts the total budget for sealevel rise from Antarctic ice melt since the LGM at about 9 m, and this melt budget has to be shared among the eight icebergdischarge events, including MWP1A. By this reckoning, the Antarctic contribution to MWP1A is rela tively minor compared with the contribution from Northern Hemisphere ice, which must provide the balance of the roughly 14-18m rise in sea level. This result contrasts with modelling of differences in amplitude of the
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Short RNAs and shortness of breath
The simultaneous deletion of six RNA molecules in mice has been found to cause respiratory and fertility defects, owing to improper assembly of structures called cilia on the cell surface. See Article p.115
efects in the assembly of cilia -fine projections of the cell surface -are the cause of a plethora of human dis eases 1 . One such disease is primary ciliary dyskinesia, a syndrome that severely com promises the function of the respiratory tract and reproductive system, resulting in airway infections and infertility. Identification of fac tors that control the assembly of cilia would constitute a major scientific advance. In this issue, Song et al. 2 (page 115) implicate clusters of nonproteincoding RNA molecules in the regulation of cilium assembly, and show that deletion of these regulators in mice leads to a syndrome reminiscent of primary ciliary dyskinesia.
There are two types of cilium, nonmotile and motile, both of which are essential for normal growth and development. Single, non motile primary cilia are present on diverse cell types and function as sensors that provide the cell with information about the external environment. Motile cilia, meanwhile, func tion to coordinate fluid flow, and are found in large numbers on multiciliated cells (MCCs) in the respiratory tract and the Fallopian tubes of the female reproductive tract. Assembly of both types (a process known as ciliogenesis) is initiated by a cellular organelle called the basal body. A basalbody precursor, located inside another organelle, the centrosome, matures and migrates to the plasma mem brane, extending microtubular structures into the extracellular space to form the axonemethe skeleton of the cilium (Fig. 1) . But how this process is controlled is unclear.
A group of small, nonproteincoding RNAs called microRNAs (which regulate protein production by inhibiting the transla tion of messenger RNA) seem to be newfound regulators of motile ciliogenesis. The genetic region, or locus, known as miR449 encodes three such miRNAs, and has been linked 3, 4 to the development of a type of ciliated cell in the bronchi that is responsible for clearing mucus. A study 5 of the role of miR449 in two types of MCC -the mucociliary epidermis cells of embryonic frogs and the cells that line the human bronchi -showed that expression from this locus increases as cellular precur sors differentiate into MCCs. The miR449 locus shares sequence similarity with two other miRNA loci, miR34a and miR34b/34c. Together, these three loci encode six miRNAs in vertebrates.
The miR34/449 miRNAs are remarkably abundant in tissues enriched with motile cilia, comprising around 50% of the miRNAs expressed in the embryonic epidermis of frogs and 13% of the miRNAs in the cells that line the human respiratory tract 5 . To test whether the miR34/449 cluster is essential for the ini tiation of ciliogenesis, Song et al. deleted all three loci in mice by mating existing strains harbouring single deletions. Simultaneous deletion was necessary because the six miRNA molecules have similar functions, and so can compensate for one another if only one locus is deleted. Triplemutant mice failed to thrive -only 40% reached adulthood, and those that did were half the size of controls. The mice exhibited severe respiratory distress owing to a failure to clear mucus, and were sterile, mir roring defects observed in people with primary ciliary dyskinesia.
Song and colleagues obtained tracheal tissue from the mutant mice and examined it using highspeed imaging. They observed abnor mal ciliation in mutant tracheal MCCs, which resulted in reduced fluid flow. This was not due to a developmental defect in the MCC precur sors, but rather to a substantial reduction in the length and number of cilia per cell.
Multiciliation is achieved through an ordered process, beginning with the multipli cation of basal bodies that subsequently dock at the cell surface. The authors found no differ ences in basalbody replication in mutant and control cells. Instead, highresolution struc tural studies revealed that many basal bod ies remained undocked in mutant cells, and so failed to assemble cilia. Those that did dock generated significantly shorter, albeit structurally normal, axonemes.
Together, these data suggest that the miR34/449 cluster might regulate basal body docking. Song and coworkers screened a panel of genes for potential miR34/449 tar gets, looking for genes that not only contained potential miR34/449 binding sites but also showed downregulated expression during MCC differentiation (indicative of inhibition by highly expressed miRNAs). The authors identified more than 50 candidate genes from the screen, and chose the centrosomal protein CP110 as a focus for further investigation.
CP110 is an attractive target of miR34/449 because previous work 6 has shown that over expression of CP110 suppresses primary cili ary assembly, and that destruction of CP110 at basal bodies is required to trigger early stages of ciliogenesis. MicroRNAs are known to have multiple targets 7 , and the miR34/449 cluster may regulate other transcripts that also influence ciliogenesis -much like miR 1293p, which targets both cp110 in ciliated cells and components of the cell's structural skeleton in other cell types 8 . However, when Song et al. inhibited cp110 in frog embryos lacking miR34/449 (which have increased levels of CP110), they found a substantial improvement in basalbody docking and fewer cilia defects, suggesting that excessive CP110 caused most of the observed defects. The cur rent study, together with the previous report on miR1293p (ref. 8) , unifies a rapidly growing body of evidence establishing an evolutionarily conserved regulatory role for CP110 in cells with primary and motile cilia.
It is worth noting that proliferating and differentiating cells dedicate a remarkable level of attention to the control of CP110 abun dance, which is regulated by transcriptional 9 , posttranscriptional 2,3 and posttranslational mechanisms 6 . Indeed, no fewer than seven miRNAs (miR129 and the miR34/449 clus ter) 2, 3, 8 and a pair of enzymes 10, 11 have been identified as being involved in the robust regu lation of cp110 levels. It is likely that the find ings of Song and colleagues represent the tip of the iceberg, and it will be exciting to explore the roles that other miRNAs have in modula ting the levels of ciliary proteins that require similar fine tuning.
More generally, it will be useful to under stand how subtle changes in the regulation of proteins such as CP110 could give rise to human disease. Intriguingly, links between aberrant CP110 levels and respiratory ill ness have already been uncovered in a pre vious study 12 . That study and the work of Song and colleagues indicate the impor tance of exploring the role of genes such as cp110, which regulate basal body and centrosomal components, in diseases asso ciated with defects in ciliogenesis, includ ing primary ciliary dyskinesia and human respiratory disease. ■ The production of multiciliated cells from precursors occurs through an orderly process known as ciliogenesis, which begins with a single precursor of an organelle called the basal body, located inside another organelle, the centrosome. As the cell differentiates, the basalbody precursor multiplies and matures. Basal bodies then migrate and dock to the surface of the cell, extending microtubular structures into the extracellular environment to form cilia. Song et al. 2 report that, as precursors undergo differentiation, six miRNA molecules expressed by three related genetic regions regulate normal ciliogenesis in mice and frogs. The miRNAs inhibit translation of the messenger RNA that encodes the centrosomal protein CP110. The authors find that enhanced expression of CP110, brought about by simultaneous deletion of the six miRNAs, prevents normal docking of basal bodies to the cell surface (not shown).
D E N I S E G A B U Z DA
A lthough the light given off by most galaxies is due to stars and glowing gas, some galaxies have extremely bright centres, or nuclei, with luminosities about 100,000 times greater than those of normal galaxies. In such active galactic nuclei, energy is liberated when matter spirals inwards and is captured by a supermassive black hole -billions of times more massive than the Sun -sitting at the galactic centre. In about 10% of these active nuclei, some of the inspiralling matter is pushed into two jets of matter and radiation that shoot out in opposite directions at close to the speed of light (Fig. 1) . However, the forces causing these out flows have remained unknown. In this issue, Zamaninasab et al. 1 (page 126) report direct evidence that the jets are launched on their journey by a kind of gigantic electromagnetic generator, in which magnetic fields in the vicinity of the black hole are twisted by the black hole's spin, with the energy of this spin being transformed into the energy of the jets' outward motion 2 . It has long been suspected that this mecha nism might explain how jets in active galactic nuclei (AGN) are produced. However, direct observational evidence has been elusive, because the scales on which this mechanism should operate are tiny compared with the smallest scales that can be observed directly using the highestresolution technique available, which are typically about 1 par sec (3 × 10 16 metres) from the central black hole. This scale might seem huge, but at the extremely large distances of AGN (billions of parsecs), it translates to a tiny angular distance as observed on the sky.
Images of such small scales can be obtained using verylongbaseline interferometry (VLBI), an elegant technique in which radio telescopes around the world observe in syn chrony to imitate a single radio telescope with a diameter the size of Earth. The larger the telescope used, the finer the detail that can be seen; accordingly, VLBI yields radio images with phenomenally high resolution, equivalent to being able to peer across the Atlantic Ocean from the western edge of Europe and identify a coin held by someone standing on the eastern coast of the United States.
Unfortunately, however, the scales imaged with VLBI are still tens to thousands of times larger than those on which the powerful jets of AGN are launched. Zamaninasab et al. have found a clever way to bridge this gap, by considering the magnetic flux in the jets -essentially, the product of the magnetic field pointing along the jet and the jet's cross section. The magnetic flux near the black hole cannot be measured directly, but should be proportional to the luminosity of the matter in the accretion disk surrounding the black hole. The disk's luminosity can be estimated from observations of optical lines in the spectrum of the AGN.
The authors have found a tight linear cor relation between the estimated accretiondisk luminosities for 76 AGN and the magnetic fluxes in their jets measured with VLBI. This correlation demonstrates that the magnetic flux near the black hole is proportional to the 1 have found evidence that jets emerging from the centres of active galaxies are launched from deep in the galactic nucleus (square in a) by twisted magnetic fields 2 , and that these fields are dynamically important in the vicinity of the galaxy's central black hole and surrounding accretion disk. 
